The study was concerned with articular cartilage of the femoral heads in 4 pigs of both sexes at 2 days after birth. The tissue specimens were observed by light microscopy and by transmission and scanning electron microscopy.
ation the chondrification of the femur is commenced and at 8 weeks the articular cavity appears as a differentiated groove produced by mesenchymal blastema of the bone rudiment (Ghadially 1983) . Data on the differentiation of articUlar cartilage in lower mammals have not been published. The differentiation changes resulting in the formation of articular cartilage before birth and leading to the final appearance of the specialized tissue after birth are referred to as the maturation process. They are determined by genetic, endocrinologic and nutritional factors (S il b er g er et al. 1961) and, particularly in the postnatal period, by environmental factors (Ghadially 1981 (Ghadially , 1982 Perrin et aI. 1978) . Alterations in the morphology of articUlar cartilage are mostly due to ageing processes. They have been described in detail in mice (Silberger et aI. 1976) , rats (Mark et al. 1989) , rabbits (Davies et al. 1962; Barnett et a1. 1963) , dogs (Lust et aI. 1972; Lust and Sherman 1973; Wiltberger and Lust 1975; Fife 1982) , cattle (Horky 198,3; Neame et al. 1989; Kiefer et'aI. 1989) , man (Horky 1980; Ghadially 1983 ) and also in pigs (Grondalen 1974c, f; Nakano et al. 1979) . However, only a single paper on the ultrastructure of articular cartilage in swine (Bhatnagar et aI. 1981 ) is available and the study was limited only to animals 20 to 30 weeks old. Some ultrastructural studies are concerned with pathological changes at the lumbosacral junction (Doige 1980) or describe the growth plate in animals at different ages (Nakano et ai., 1982; Farnum et al. 1984) . Since the ultrastructure of articular cartilage in the young pig has so far received little attention, our investigation was focused on the early postnatal period with the objective to complete the existing data.
Materials and Methods
Articular cartilage was collected from the caput ossis femoris of 4 animals of both sexes at 2 days after birth and processed for observation by light, transmission and scanning electron microscopy.
For transmission electron microscopy, the specimens were further dissected to obtain strips measuring 1 by 1 by 3 mm which were immediately fixed in glutaraldehyde solution (300 mmol/I or 400 mmol/I) in phosphate buffer, pH 7.4. This was followed by rinsing in 0.1 M phosphate buffer (pH 7.4), in 4 consecutive baths applied for 30 min. each, and fixation with an OsO, solution (40 mmol/I) in phosphate buffer (PH 7.4) for 60 min. Dehydration, immersion and embedding in Durcupan ACM were routine procedures. Ultrathin. sections were cut with an Ultracut Reichert ultramicrotome and stained with either lead citrate alone or uranyl acetate combined with lead citrate. The sections were studied and photographed with a Tesla BS 500 electron microscope. The embedded material was also used to prepare semithin sections for light microscopy observation. These were stained with methylene blue and Azure II.
Results
The articular cartilage in the age category studied had already acquired some signs of fully differentiated tissue. With progressing differentiation (Horky 1988) both chondrocytes and intercellul~ matter attained some characteristics which permitted distinction of 3 parts: the surface, the middle and the deep layers.
Submicroscopic structure of surface layer chondrocytes These chondrocytes were arranged in two rows above each other. They differed in both size and appearance. Qose to the surface were small spindle-shaped cells, measuring about 5 by 2 (LID in cross sections (plate VII., Fig. 1 ). The cells ran strictly parallel to the articular surface. They were considerably flattened and had. multiple long cytoplasmic projections extending into the surrounding matrix whichformeda broad lining com posed of the ground amorphous substance and aperiodic fibrils (Fig. 1) . In fact, this region was the pericellular matrix which prevailed due to poorly developed intercellular matrix and unusually extended lacunae. The chondrocytes, by their ultrastructural characteristics, were strongly reminiscent. of the cells in the surface zone of the articular cartilage in the pig at 94 days after fertilization (Horky 1988) . . Chondrocytes of the other type were found deeper in the surface layer of the articular cartilage. They were elongated with rounded tips and their size was about 5.8 by 4 /-tm (plates VIII., IX., Figs 2, 3, 4).
Nucleus
The shape of the nucleus resembled a rod or a horseshoe (Figs 2, 3). The nuclear envelope with a typical appearance extended against the karyoplasm in either broad, shallow in':aginations (Fig. 2) or deep grooves (Fig. 3) . Nuclear chromatin was aggregated into large karyosomes attached to the nuclear envelope and forming a continuous layer broken only by nuclear pores or chromatin canals (Figs 2, 3) . Most of the nuclear region seen on cross section was filled with diffuse chromatin and appeared markedly light. Nucleoli were a rare finding.
Cytoplasm
The granular endoplasmic reticulum presented as rather short and frequently branched cisternae (Figs 3, 4) placed in the cytoplasm close to both cell poles. The cisternae were narrow and invariably contained filamentous medium electron-dense material.
The agranular endoplasmic reticulum was seen as small vesicles most probably derived from the Golgi apparatus cisternae.
The Goigi apparatus found in the cytoplasm of these cells was well developed. It consisted of several Golgi fields which contained typical dictyosomes and their derivates, i. e., small and large Golgi vacuoles. The apparatus took up a considerably large area of the cytoplasm (Fig. 2) . Some of the vacuoles were filled with either filamentous, particulate or homogeneous material so that they resembled transport vacuoles or, less frequently, secondary lysosomes (Figs 2,3) .
Mitochondria, typical in structure and size, were few in number. Their matrix mitochondrialis did not show any granules. Most of the mitochondria were found at the cell periphery next to the cell membrane (Figs 3,4) .
The cell membrane. The cytoplasm in these cells sent out only short, unbranched projections, 0.8 to 1.0 {lm in size, into the pericellular matrix. Generally, the projections contained only ground cytoplasm and occasional ribosomes (Figs 2, 3, 4) . Pinocytotic vesicles were found rarely (Fig. 3) .
Glycogen was a regular finding in the cytoplasm of chondrocytes of this type. It was either dispersed as single alpha granules or formed small rosettes (Figs 2, 3) irregularly scattered among the organelles. In some of the chondrocytes it made large deposits close to one of the cell's poles (Fig. 4) .
Fine bundles of intracytoplasmic filaments were found mostly at the peripheries of the cells (Figs 2, 3, 4) . Submicroscopic structure of middle layer chondrocytes Chondrocytes of the middle layer presented as cells with an irregular oval shape and a size of 9 by 6 /-tm.
Nucleus
The size of the nucleus was about 4 {lm and its shape followed that of the cell (Plates X., XI., Figs 6, 7, 8) . The nuclear envelope produced very shallow invaginations. In the regions where cytoplasmic inclusions, lipid droplets in particular, were aggregated the nuclear envelope was deeply immersed in the karyoplasm (Fig. 6) . Chromatin was seen as either a continuous layer, varying in width, along the inner membrane or occasional karyosomes in cross sections through the nucleus or clusters of perinucleolar chromatin situated near a compact nucleolus.
Nuclear pores were numerous (Figs 6, 7) . The zonula nucleum limitans had the usual appearance.
Cytoplasm
The nucleocytoplasmic ratio in middle layer chondrocytes was shifted in favour of the cytoplasmic component.
The granular endoplasmic reticulum was present in larger amounts than in the cells of the surface layer. It produced long cisternae and short bag-.,.shaped formations which were branched and dilated (Figs 6, 7, 8) . All parts of the granular endoplasmic reticulum were filled with filamentous medium electron--dense material. The reticular membranes were densely covered with ribosomes.
The agranular endoplasmic reticulum presented as occasional smooth vesicles found in the close vicinity of the cell membrane (Figs 6, 7, 8) or in the areas of glycogen deposits (Fig. 7) . This finding suggests an involvement of the agranular reticulum in glycogen metabolism.
The Golgi apparatus in chondrocytes of the middle layer was a rich and well developed complex. Its structures were distributed over several Golgi fields taking up a large part of the cytoplasm (Figs 6, 7, 8) . It was made up of typical dictyosomes whose cisternae segregated numerous small and large Golgi vesicles into the surrounding cytoplasm. The large vesicles contained filamentous material and were, in fact, the typical transport vacuoles. Cross-sectioned filaments had a typical appearance of protocollagen fibrils (Figs 7, 8) . Small Golgi vesicles were electron-transparent and constituted the fundamental part of the agranular endoplasmic reticulum.
Mitochondria occurred frequently. They showed the usual structure but attained a length of up to 2 flm. In some of them the matrix was clear (Fig. 8 ) and occasionally their crists were dilated (Fig. 6 ).
Lysosomes were a rare finding. If seen at all, they presented as small secondary lysosomes resembling dense bodies (Figs 6, 7).
Centrioles were found regularly in the cytoplasm of the middle layer chondrocytes (Fig. 7) . Most frequently, they were present at the peripheries of the cells and showed the usual structure. Cross sections revealed that close to the centrioles there were bands of dark material reminiscent of pericentriolar structures referred to as satelites (Fig. 7 ). Cilia were not observed in these cells.
Cell membrane. The cytoplasm produced short, non-branched projections which were cone-or ring-shaped (Figs 6, 7, 8) and up to 2 flm in length. The projections contained only ground cytoplasm and occasional ribosomes. Some of them were penetrated with fine bundles of intracytoplasmic filaments. Pinocytotic vesicles were very rare (Fig. 6 ). In some of the cells it was noted that the cell membranes of the cytoplasmic projections were penetrated with collagen fibrils (Fig. 8) .
Glycogen occurred regularly as small clusters of alpha granules in the cytoplasm (Fig. 7) ; larger deposits were found only rarely (Fig. 6 ).
Lipid droplets were accumulated at one of the cell's poles and presented as a cluster of vacuoles, up to 1 by 3 flm in size, with glycogen in their vicinity (Fig. 6 ).
Submicroscopic structure of the deep layer chondrocytes
The cells of the deep layer were smaller than those of the middle layer. They were lying more or less parallel to the surface forming typical columns perpendicular to the surface. Single oval cells occurring in the zone between the middle and deep layers usually measured 8 by 4 ",m (plate XII., Fig. 9 ) and the cells composing the columns were 5 by 3 ",m (Fig. 10) .
The nucleus was oval in shape, with chromatin forming karyosomes of the usual arrangement. The nuclear envelope had a typical structure, invaginations were shallow (Fig. 9) . Nuclear pores were infrequent. The zonula nucleum limitans made a narrow homogeneous lining at the nuclear envelope. The nucleolus was a rare finding; if observed at all, it was of reticular type.
Cytoplasm
The granular endoplasmic reticulum consisted only of short flattened cisternae distributed at the periphery of the cell and among the organelles (Fig. 1) . The content of the cisternae did not differ from that of the" chondrocytes composing the middle layer.
. The agranular endoplasmic reticulum was found only occasionally. The Golgi apparatus involved a small cytoplasmic region; it comprised several smooth cisternae and small vesicles. Its structures, as well as its derivatives, were discernible on rare occasions.
Mitochondria were infrequent. They measured 0.5 by 0.8 ",m, had the usual structure and contained dense matrix with no clearing (Fig. 9 ).
Ribosomes were either attached to the membranes of the granular endoplasmic reticulum or freely dispersed as monosomes mainly in the cytoplasm of the cells forming the columns.
Neither centrioles nor cilia were detected in the chondrocytes of the deep layer.
If any lysosomes were present in this layer, they were always secondary lysosomes. The cytoplasm of chondrocytes in the zone bordering the medium and deep layers included conspicuous electron-dense bodies consisting ofhomogeneous material and each bounded with a smooth membrane (Fig. 9) . Some of these attained a large size of about 0.8 by 1.0 ",m, some measured only 0.1 to 0.3 ",m and some looked like pseudomyeline structures (Fig. 9) . Cells composing the columns did not contain these structures.
Cell membrane. Cytoplasmic finger-shaped projections were seen around the cells; smooth surfaces were only in areas of cell contact (Fig. 10) . The projections were short, not exceeding 1 ",m, and did not branch. They extended into the surrounding pericellular matrix. Pinocytotic vesicles were present onlyoccasionally (Figs 9, lO) .
Glycogen was a regular finding in the cytoplasm of cells forming the columns. It presented as small clusters of alpha granules (Fig. 10 ) in amounts smaller than was found in the middle layer chondrocytes.
Lipid droplets were present in low quantities. They measured up to 1 ",m and were usually found close to glycogen deposits (Fig. 10) .
Intracytoplasmic filaments showed an arrangement similar to that observed in the cytoplasm of middle layer chondrocytes.
Intercellular matter
In the period of embryonic development studied, the intercellular matter, i. e., . its fibrillar and interfibrillar components, had the signs of organization which, both in structure and in quality, resembled the adult cartilage.
The surface formed by a chondrosynovial membrane of typical composition was mostly uneven (Figs. 1, 3, 4, 5 ). There were only few small regions where short bundles of aperiodic filaments occurred. These lay at or immediately under the surface and ran parallel to the cartilage surface (Figs 1, 3) . In the surface layer, about 1 pm thick, the aperiodic fibrils and collagen fibres were very dense and were oriented perpendicular to each other (Figs 3, 4) . Subjacent to this layer were various thick bundles of typical collagen fibrils lying parallel to the surface; they were found near the chondrocyte lacunae (Figs 3, 4) . At 2 days after birth the lacunae were quite distinct. They consisted of a large amount of amorphous substance and of aperiodic fibrils transversing in various directions. The pericellular matrix with these characteristics was seen near the cartilage surface (Figs 3, 4) while in the deeper part the typical pericellular matrix was not formed. In this zone the cell membrane was attached to the intercellular matrix composed of typical collagen fibrils varying in length which ran singly and produced an irregular mesh (Figs 2, 3, 4) . In the intercellular matrix the amorphous substance was in excess of the fibrillar component.
A different structure of intercellular matter was observed in the regions where the top surface chondrocytes underwent disintegration. Their debris were seen close to the articular surface (Fig. 5 ) deposited between aperiodic and collagen fibrils which penetrated into the areas of pericellular matrix from the surrounding intercellular matrix. They gradually filled up the whole lacuna. The remnants of cellular organelles and dark bodies may also have passed into the articular cavity from which they were removed by the action of synovialocytes or phagocytosis by chondrocytes. Around each degraded chondrocyte, the intercellular matrix showed a larger amount of fibrillar structures (Fig. 5) than did the rest of the matrix.
In the middle layer, chondrocytes were arranged into lacunae and the pericellular matrix could be well distinguished from the intercellular one. In some instances extrusion of aperiodic collagen fibrils by chondrocytes was observed (Fig. 8) .
In the deep layer, the pericellular matrix was found to form only a thin lining (Fig. 9) or was not discernible at all (Fig. 10) . Typical collagen fibrils, however, proliferated ( Fig. 9 ) and penetrated as far as the close vicinity of the chondrocytes (Fig. 10) .
Discussion
The structure of articular cartilage, at both microscopic and submicroscopic levels, has been studied thoroughly in man and small laboratory animals (for review see Ghadially 1983; Horky 1980) . In farm animals the submicroscopic characteristics of this specialized tissue have received less attention (Horky 1983; 1986; 1988; 1989 ab) . The articular cartilage in swine under physiological conditions has been dealt with by Nakano (1979 Nakano ( a, 1982 , Wilsman et al. (1981) , Bhatnagar (1981) , Kincaid (1982) ; Some results have been published on the blood supply of the skeletal blastema and articular cartilage under physiological conditions and in relation to degenerative processes (Lavene 1964; Lufti 1970; Denecke and Trautwein 1986) . Some biochemical studies were made by Simunek and Muir (1972) . The behaviour of chondrocytes of porcine cartilage was reported by Burck and Lebowitz (1982) and Farnum et al. (1984) . The effects of nutrition, sex and hormones on the occurrence of cartilaginous lesions have been studied by Nakano et al. (1979 b) .
Practical reasons led to investigations into the histological changes associated with osteochondrosis and arthrosis in the pig (Grondalen 1987 a,b, c, d , e,f; Grondalen and Vangen 1974; Doige 1980; Nakano et al. 1982; Denecke 1985) .
The studies of the microscopic structure of articular cartilage had been largely focussed on its thickness and on the density and distribution of chondrocytes, particularly in the surface parts, in relation to the function of the joint (Simon 1970 (Simon ,1071 Palfrey 1987,1988) . The latter authors were interested in· the density of chondrocytes and the way they were distributed. Their findings were in agreement with the accepted view that the orientation of chondroblasts is conditioned by pressure forces acting on the cartilage. Gould et al. (1974) , on the other hand, suggest that the chondroblast orientation is related to the production of intercellular matrix. They assume that chondrocytes are under pressure of a large amount of synthesized matter arising in a chondrification centre. This view can hold for the instance when mesenchymal blastema of the bone rudiment is generating a cartilage. However, the articular cartilage has no chondrification centre and it is itself too thin to allow such forces to function. A different factor, however, should not be overlooked; that is pressure on cartilage produced by muscles which develop before the articular fissure is formed. Probably both these factors are involved in the final arrangement of cartilage. Actions of these forces have great influence on the course and distribution of fibres in the intercellular matter. This and the amorphous substance are responsible for mechanical properties of articular cartilage, while the synthesis of these components is the major function of chondrocytes (Mainardi 1987; Fassbender 1987; Williams et al. 1988; Pelletier et et al. 1989 ).
An interesting and often discussed finding is the presence of blood vessels in articular cartilage (for review see Horky 1986 Horky , 1988 . It has repeatedly been demonstrated that the vessels occur only in the early foetal period. Their finding in later stages always indicates a pathological state resulting from an inflammatory process.
Chondrocytes in the surface layer of the porcine articular cartilage had characteristics, i. e., appearance, size, orientation, similar to the cells of this type studied earlier in the corresponding periods in other mammals (Horky 1980 (Horky , 1987 . This applied particularly to the superficial cells. The cells lying deeper in the surface layer were different from those studied in other mammals in that they had a well-developed Golgi apparatus. This implies that the surface layer cells are involved in distributing components of the intercellular matter, if not directly in its synthesis. Of interest was a finding oflow numbers of intracytoplasmic filaments in these cells; for instance bovine chondrocytes in the perinatal period contain numerous bundles of filaments (Horky 1987) . Similar observations were made in our earlier work (Horky 1980 (Horky , 1986 . Also the appearance of the zonula nucleum limitans varies (Horky 1986 (Horky , 1987 ; its width is changing in relation to the age and physiological conditions of the cells, which is in agreement with the literature data (Oryschak et al. 1974) .
The most pronounced changes could be seen in the middle layer. Chondrocytes differentiated into the cells with all the ultrastructural characteristics of the cells generating intercellular matter. This was shown, first of all, by the amounts of the granular endoplasmic reticulum, mitochondria, Golgi apparatus and its derivatives. A part of this were also deposits of glycogen whose degradation manifested itself by multiplication of the structures of agranular endoplasmic reticulum and by production of vacuoles in glycogen deposits. However, it should not be assumed that a larger quantity of glycogen is a direct proof of synthesis. On the contrary, its accuniulation in the cytoplasm of middle layer cells indicates insufficient utilization and reduction of synthesizing activity (Ghadially 1983) . The view that this layer is significant for cartilage grOVlt th in terms of metabolic activity is supported by our observations of collagen protofibrils with signs of periodicity passing through the cell membrane, and the regular presence of cilia. This phenomenon has already been noticed in our earlier studies of articular cartilage and synovial membrane in cattle and swine during their prenatal development (Horky 1983 (Horky , 1986 (Horky ,1988 . The presence of lipid droplets in the cytoplasm of middle layer chondrocytes is a usual finding (e. g. see Ghadially 1983) . In comparison with the articular cartilage in the prenatal period, particularly at the early stages (Horky 1988) , the cartilage after birth was characterized by the appearance of slightly different cells in the .zone between the middle and the deep layers. Such chondrocytes have not been found in other mammalian species (Horky 1983 (Horky , 1986 (Horky , 1988 . The cytoplasm of deep layer chondrocytes is generally free of lipid droplets; our material, however, showed them quite often. A similar finding has been made by Silberger and Hasler (1975) in mice put on a long-term diet high in cholesterol. .
Like the cells, the intercellular matter undergoes further differentiation, both in quantity and quality, in the period after birth. In terms of joint functioning, the most important role is assumed by the surface layer. At the early stages after fertilization, this is mainly composed of aperiodic fibrils and abundant amorphous substance. With progressing prenatal development its structure becomes more complex and near the term the articular cartilage, and it surface layer in particular, gradually attain properies enabling smooth movement of the newborn pig's joints. In the cartilage studied here, the bundles of aperiodic filaments on or immediately under the surface were found on rare occasions. A layer of about 1 f-tm thick, however, shows a marked increase in collagen fibrils which rUn perpendicular to each other thus rendering this layer an architecture similar to that found in the cartilage of cattle at the same age (Horky 1987) . The chondrosynovial membrane, as observed in the period under study, is completely developed and fully involved in joint movement (Maroudas 1974; Wolf 1975; Ghadially 1983) . Compared to earlier stages of ontogeny (Horky 1988 ) the surface and middle layers in this period showed distinct and the deep layer less distinct pericellular and intercellular matrix.
Submikroskopiclai struktura kloubni chrupavky prasete v casnem obdobi po narozeni Byla studovana kloubni chrupavka kycelniho kloubu 4 jedincii prasete obojiho pohlavi starf 2 dne po narozeni. Vzorky tkane byly zpracovany pro ucely svetelne, transmisni a rastrovaci elektronove mikroskopie obvyklY'm zpusobem.
Povrchova vrstva je tvorena vretenovitYmi chondrocyty ulozenYmi ve dvou radach. Chondrocyty vysilajf dlouhe vybezky do okolni mezibuneroe hmoty, ktera je rozlisena na pericelularm a intercelularm matrix. Napadny je dobre rozvinutY Golgiho aparat a cytoplasmaticke inkluze.
Chondrocyty stfedni vrstvy jsou ovame bwlky velikosti 9 X 6 f-tm. Obsahujf vetsi mnozstvf cytoplasmy, Golgiho aparat je rozlozen do nekolika poli, cetne mitochondrie, hojne granularm endoplasmaticke retikulum, glykogen a lipidove kapenky. Vyznamne jsou cetne transportni vakuoly. V teto vrstve jsme pozorovali pravidelne cilie a zachytili jsme prostup kolagennich protofibril bunecnou membranou. Je zi'etelne odlisena pericelularni a intercelularni matrix. Na pi'echodu sti'edni do hluboke vrstvyjsmepozorovalipi'echodnetypychondrocyrii. BuDky hluboke vrstvy jsou sei'azeny do sloupcil kolmo k povrchu a neodlisuji se od chondrocytti stejne vrstvy dospelych jedincil.
Na povrchu chrupavky v tomto obdobi je jiZ vytvoi'ena chondrosynoviaIni membrana. Pod ni v hloubce asi 1 p,m jsou ulozeny kolagenni fibrily kolmo na sebe a vytvareji tak povrchovou vrstvu schopnou snaset tlak a zabezpeCovat pohyb kloubu. . Intercellular matter shows signs of differentiation into pericellular (pm) and intercellular (im) matrix. x 9 000.
